Diamond Bar, US) or Ensite™ (St Jude Medical, St Paul, US).
• Redo of PVI for paroxysmal AF, which in this centre is performed with a circular diagnostic catheter and a thermo-cool ablation catheter while using X-ray as the sole imaging modality.
• Pulmonary vein ablation catheter (PVAC, Medtronic, Minneapolis, US) procedure for paroxysmal AF, in which EP-navigator and a multi-electrode phased radio-frequency (RF) PVAC are used -in a subgroups of PVAC-procedures three-dimensional (3D) rotational atriography was used. 16 • VT ablation including procedures for both scar dependent VT and idiopathic VT, for which CARTO or Ensite mapping were always used.
• Supraventricular tachycardia (SVT) ablation, solely dependent on X-ray imaging.
• Atrial tachycardia ablation for which CARTO or Ensite mapping were always used.
All the procedures were done in one catheterisation lab using a monoplane flat panel angiographic system (Allura Xper FD10, Philips
Healthcare, Best, The Netherlands). This registry was approved by the hospital's ethics committee.
Understanding of Radiation Dose Parameters in Practice
Angiographic systems report a set of radiation dose parameters.
We hereby explain in simple terms what they mean for better understanding in practice.
Typically, radiation is measured and reported in both the concentration and the total amount. Radiation concentration describes the 'strength' or per-unit energy delivered to (or absorbed by) the patient under X-ray exposure. AK is a measure of this kind. It stands for kinetic energy released per unit mass of air. It is a measure of the amount of radiation energy, in the unit of joules (J) per unit mass (kg) of air, i.e. gray (Gy=J/ kg). Due to the cone shape of the X-ray beam, the further away from the X-ray source, the less concentrated the radiation is. By regulation, AK is always reported as the measure at the same reference point in the X-ray beam where it is considered as the radiation entry point to the patient's body (i.e. 15 cm from the isocentre toward the X-ray source). AK is regulated by the angiographic system to ensure constant image quality. DAP on the other hand describes the total amount of radiation toward the patient. It is the product of dose concentration and exposed area at the plane of measurement, i.e. DAP (Gy.cm²) = AK x irradiated area. Given a fixed AK, DAP varies according to the change of X-ray beam size (e.g. by image collimation).
The clinical relevance of these two parameters is that:
• AK as a radiation concentration measure is an effective indicator of acute radiation injury (deterministic risk, e.g. skin burn and hair loss); and
• DAP as a measure of the amount of energy irradiated to the patient, could be used to relate to potential stochastic effect (e.g.
cancer risk).
A Novel Parameter on the OperatorFluoroscopy Dose Area Product to Fluoroscopy Time Ratio
Fluoroscopy time indicates the amount of fluoroscopy imaging that is needed to accomplish a clinical procedure. It is dependent on the procedure type, the clinical difficulty and the operator's catheter skills.
DAP is correlated to fluoroscopy time 17 and hence influenced by these predetermined factors listed above. However, the correlation is weak due to other influencing factors e.g. patient obesity.
14 Moreover, DAP is also determined by the operator's conscious effort in minimising 
Results

General Observations and Procedure Differences
General observations are listed in Table 1 The catheter ablation procedures were categorised as PVI (52 %), redo PVI (10 %), PVAC (13 %), VT (8 %), SVT (7 %) and atrial tachycardia (10 %). As shown in Table 2 
Patient Size -Impact on Radiation Dose
In three patient groups according to BMI (<25, 25-30, ≥30 kg/m², respectively), there was no significant difference in fluoroscopy time (p>0.48). However, DAP per group had significant differences (0.002>p>0.082). Proportional impact of patient BMI on DAP is shown in Figure 1 . In catheter ablation procedures, due to direct exposure of X-ray, patient chest size is particularly relevant and a more precise description of the body size compared to BMI. Patient chest size was derived as the average thickness in the chest area per patient during the entire procedure. This was measured and recorded by the X-ray system.
In Figure 3 , patient chest size was plotted against the fluoroscopy DAP-fluoroscopy time ratio in the corresponding procedure. A generic trend of rising radiation dose level (per unit time) with increased chest size was observed, regardless of procedure type and the operator.
Operator Characteristics
Inter-operator differences were observed in fluoroscopy time, fluoroscopy DAP and cine DAP (see Figure 2) . Fluoroscopy DAP-fluoroscopy time Operator specific characteristics in the fluoroscopy DAP-fluoroscopy time ratio were analysed using regression tests in the corresponding patient subgroups. Operator influence on patient radiation dose level were modelled by polynomial trendlines based on patient chest size (confidence interval [CI] 95 %, see Figure 3 ). Operator A and B showed great similarity in radiation dose level (per unit time) at all patient chest sizes, whereas operator C had a consistently higher level.
X-ray system usage per operator (see Table 3 ) showed common choice in SID and image projection angles. By X-ray collimation, operator A and B had an average of 28 % smaller exposed image size, hence less radiation to the patient. All three operators mainly used low dose modes in fluoroscopy. Operator C had a large percentage of cine demanding procedures and showed a preference of using a high cine image frame rate, resulting in higher average cine DAP than operator A and B.
Discussion
Our results in DAP, AK, fluoroscopy time and equivalent patient effective dose in catheter ablation procedures are at lower to comparable levels to those reported in the literature. 5, 7, 8, 10, 12 Interestingly, compared with a recent multicentre study by Kidouchi et al., 18 our results showed lower levels of radiation dose on patients with higher BMI values. This could be due to differences in the angiography systems and way of working.
Results reported in the literature and in this study consistently show widespread procedure duration and patient radiation dose in catheter ablation procedures, resulting in large standard deviations in these parameters. The reason lies in varying procedural types and complexity, patient size differences, and not to neglect, operator differences in using X-ray and optimising radiation efficiency. Table 2 shows that, in this study, different procedure types require different amount of fluoroscopic and cine images. VT and SVT require short fluoroscopy time and almost no cine, whereas other types of ablations demand longer fluoroscopy and more cine runs. Figure 1 and Figure 3 clearly illustrate the strong correlation between patient size and radiation dose, as has been published previously.
14 In general, the larger the patient, the more radiation is required during the ablation procedure. According to the regression test shown in Figure 3 , patients with comparable chest size could receive different level of X-ray radiation exposure due to the operator differences. However, the generic trend of increasing radiation exposure with body size is deterministic. Figure 2 illustrates that between operators, DAP distribution in fluoroscopy and cine varies due to the operator's specialized procedure types and the operator's preference in using X-ray. Table 3 indicates that indeed operator C had more cine demanding procedure (Re-do PVI, PVAC) than operator A and B and preferred to use higher cine image frame rate. In this study we proposed a new parameter, the fluoroscopy DAP-fluoroscopy time ratio, to further compare the operators' efforts in reducing radiation, independently of procedure time, type and difficulty, as well as catheter skills. Shown in Figure 3 , patients treated by operator A and B could expect similar levels of fluoroscopy dose rate per unit time, while patients treated by operator C would generally receive higher dose rate at all body sizes. Based on findings in Table 3 , improvement in X-ray collimation and low dose fluoroscopy usage could potentially help operator C reduce fluoroscopy dose rate and therefore lower the fluoroscopy DAP.
Despite operator differences, in our centre, we emphasize low radiation during interventions by utilising low fluoroscopy setting, low cine frame rate, small SID and avoidance of steep image projection angles. All these elements contribute to minimising X-ray exposure in catheter ablations in EP labs. As X-ray currently remains necessary for all routine EP procedures, it inevitably poses potential risks to the patient and the staff.
Lowering X-ray exposure will lower patient and occupational radiation dose. Despite the fact that developments in X-ray techniques and image processing have reduced exposure, dose awareness and simple actions importantly further reduce X-ray exposure. 19 Moreover, in the field of EP practice, comprehensive X-ray usage training on physicians, multicentre radiation dose studies and further optimisation of X-ray imaging techniques, could all contribute to reduce radiation exposure.
Conclusion
Operators in the electrophysiology lab should be aware of patient radiation exposure levels and the influencing factors to patient radiation dose. Interand intra-operator differences can be measured and benchmarked for improvement in X-ray efficiency and patient radiation reduction. n 
